The reproductive responses to one and two inseminations of fresh extended semen were compared in crossbred sheep housed in confinement. In three trials, ewes in progestogeninduced estrus were inseminated 54 to 56 h after sponge removal. Half the ewes received a second insemination 4 or 5 h later. Resultant fertility, litter size and embryonic mortality indicated no advantage to a double insemination. Conception rates to one and two inseminations according to d 18 plasma progesterone levels were 66 and 63%, 85 and 86% and 74 and 80% in trials 1, 2 and 3, respectively. Corresponding lambing rates were 55 and 56%, 73 and 69% and 67 and 76%. Mean litter sizes were 2.1 and 2.5, while embryonic mortality after the first 2 wk of pregnancy was estimated at 13% for both groups. Single inseminations therefore simplify artificial insemination and double the number of ewes that can be inseminated/ejaculate.
Introduction
The feasibility of year-round breeding of sheep by the induction of synchronized estrus with progestogen-impregnated vaginal sponges (Robinson, 1965 (Robinson, , 1967 has heightened interest in North America in the use of artificial insemination (Ai) for sheep. AI is particularly attractive because it enables greater exploitation of genetic potential of superior rams while minimizing transmission of infection. Insemination of sufficient sperm numbers can also avert the poor fertility due to inadequate semen volume and quality that complicates out-of-season breeding by natural service (Hafez et al., 1955; Colas and Courot, 1977) .
For good fertility, large numbers of sperm must be deposited into the external cervical os (Gordon, 1977; Colas, 1979; Langford and Marcus, 1982) . One factor that may influence the requirement for large numbers of sperm is that in progestogen-treated ewes, the reproductive tract environment has been reported to have untoward effects on sperm survival and transport (Quinlivan and Robinson, 1969; Hawk and Conley, 1971; Hawk et al., 1981) . However, because ram semen may be stored in vitro for several hours without any adverse effects on lambing rates (Colas, 1979; Langford and Fiser, 1980) , two inseminations are usually given to ensure a supply of fertile sperm for the period over which ovulations occur in progestogen-synchronized ewes. To study whether two inseminations are really necessary for confined sheep, we have compared fertility, litter size and embryonic mortality in response to a single and a double insemination of fresh extended semen at progestogen-induced estrus.
Materials and Methods
Animals. Adult ewes of three crossbred strains were maintained year-round in a total confinement system (Gowe et al., 1974 Figure 1 . Breeding procedure for inducing synchronized estrus, first estrus AI and second estrus natural service. Sponge removal and PMSG administration took place on d O. In trial 3, all ewes were inseminated 55 h after sponge removal and a second insemination was performed on half the ewes 5 h later. In trials 1 and 2, inseminations were made at 54 and 59 h and 56 and 60 h, respectively. Rams used for AI were joined with their respective lots of ewes 12 d after AI to rebreed any ewes returning to estrus. Blood samples for pregnancy diagnosis were collected 18 d after AI.
induce estrous activity (Ortavant, 1977) . Ewes were bred at the end of a 4-mo period of short days. Rams used for AI were kept separately in a controlled environment of 16 C and a constant 10 h light:14 h darkness cycle to maintain libido and semen quality.
Breeding Procedure. Three breeding trials were conducted during January, May and the following January. In each trial, vaginal sponges 4 impregnated with 40 mg fluorogestone acetate (FGA) were inserted and left in place for 12 d to induce synchronized estrus (figure 1). At the time of sponge removal, all ewes were given an im injection of 500 IU pregnant mares' serum gonadotropin s (PMSG) and subsequently bred by AI in lots of six ewes/ram. There were 17, 17 and 16 lots in trials 1, 2 and 3, respectively. Data on ewes that lost their sponges (7), lacked cervical mucus at the time of AI (2) or died before lambing (2), were excluded from the analyses.
In the first breeding trial, the ewes in onehalf the lots were inseminated once, 54 h after sponge removal. Ewes in the remaining lots were inseminated once at 54 and again at 59 h after sponge removal. In trials .2 and 3, three ewes chosen randomly from each lot were inseminated once, at 56 h and 55 h, respec-tively. The remaining three ewes in each lot were inseminated twice, with the second insemination at 60 h in both trials.
Semen was collected by artificial vagina from trained rams, processed for fresh use and maintained at 15 C for up to 8 h (Langford et al., 1979) with skim milk diluent (Colas et al., 1968) . Ewes were confined in tilting squeeze chutes on a rotating carousel (Inskeep, 1974.) , and 4-50 • 106 sperm in .5 ml were deposited into the external us or first cervical fold.
Twelve days after AI, the rams were joined with their respective lots of ewes for 9 d to breed any ewes returning to estrus. A similar high cumulative fertility of the synchronized and subsequent estrous breedings in both AI groups would confirm our assumptions of the similar inherent fertility of the two AI groups, particularly for trial 1.
Pregnancy Diagnosis. Plasma progesterone was determined in blood samples collected 18 d after insemination, by a competitive protein binding assay (Neill et al., 1967) carried out as described by Robertson and Sarda (1971) . Ewes with a progesterone concentration greater than .5 ng/ml plasma were considered to be pregnant (Robertson and Sarda, 1971; Thimonier et al., 1977; G. A. Langford, unpublished observations based on over 3,000 diagnoses in our laboratory).
Statistical Analysis. Fertility, litter size and fecundity (lambs/ewe bred) resulting from the first estrous breeding were analyzed by analysis of variance (ANOVA), with a fitting constants procedure used to take into account unequal subclass frequencies (Harvey, 1960) . While the above variables were discrete and not normally distributed, Gabriel (1963) and Harvey (1964) have indicated that significance levels obtained by analyzing such data by ANOVA should approximate the correct significance levels.
The data from trial 1 were analyzed separately from data from trials 2 and 3, because all ewes in a given lot received the same number of inseminations.
The model used for trial 1 was: Yijkl =/,/ + si + nk + (sn)ik + gj/ik + eijkl, where Yijkl = fertility at day 18 or at lambing, litter size or fecundity (observation on the I th ewe in the jth lot of the i TM strain and k th number of inseminations), gt = overall mean, s i = fixed effect due to the i th strain, nk = fixed effect due to the k th number of inseminations, (sn)i k = strain x number of inseminations interaction, gj/ik = error a (random component due to the jth lot within the i th strain and k th number of inseminations and eijkl = error b (residual error)).
Error a is a measure of differences among lots and is used to test differences due to strain and number of inseminations.
The data from trials 2 and 3 were combined and analyzed with the following split-plot model: Yijklm =/1 + S i + tl + (SOil + gj/il + nk + (sn)ik + (tnhk + eijklm where Yiiklm = fertility at day 18 or at lambing, litter size or fecundity, gt = overall mean, s i = fixed effect due to the i th strain, q = fixed effect due to the Ith trial, nk = fixed effect due to the k th number of inseminations, (SOil = strain • trial interaction, (sn)ik = strain • number of inseminations interaction, (tn)lk = trial x number of inseminations interaction, gj/il = error a (random component due to the jth lot within the i th strain and Ith trial and eijklm = error b (residual error)).
In this analysis, error a is a measure of differences among lots and is used to test effects due to strain and trial. Error b is used to test differences due to number of inseminations and the (sn) and (tn) interaction terms.
Results and Discussion
Fertility, litter size and fecundity data for ewes inseminated once or twice with extended semen are summarized in table 1. Except for a strain effect on litter size in trial 1, there were no significant main effects or first-order interactions. With a single insemination, one might have expected fewer conceptions than with a double insemination spaced several hours apart, because of reports of reduced sperm survival in the reproductive tract of progestogen-treated ewes (Quinlivan and Robinson, 1969; Hawk and Conley, 1971 ) and variation in ovulation times among ewes. In no trial, however, was there a difference in conception rate, at d 18 or at lambing, between ewes inseminated once and those inseminated twice. Similarly, there were no significant differences in litter size or fecundity. These observations on reproductive performance have been confirmed in subsequent breedings using different hormone treatments (Langford, 1982 ; and agree with the findings of Gordon (1977) and Colas (1979) .
The high conception rates after a single insemination at the synchronized estrus compared favorably with those reported for confined sheep bred by natural service (Langford et al., 1979) . Thus, ovulation has been synchronized sufficiently well in most sheep to occur within the optimal period for fertilization. The number of sperm deposited at the first cervical fold or external os in one insemination (450 x 106) was large enough to allow sufficient sperm to reach the oviduct to achieve fertility, average litter size and distribution of litter size (figure 2) similar to that produced by two inseminations. It is well known that satisfactc, ry conception rates with fresh, extended (Colas et al., 1968; Gordon, 1977; Colas, 1979; Langford and Marcus, 1982) to compensate for large vaginal losses of sperm and sperm transport failures in progestogen-treated sheep (Hawk and Conley, 1972) .
There have been suggestions that the benefits of a second insemination may be limited by the additional stress associated with a second handling of the sheep (Robinson, 1975; Gor- Smith et al., 1978) . Stress may reduce fertility by impairing cervical sperm transport (Thibault and Wintenberger-Torres, 1967) , thereby reducing the number of sperm reaching the anterior uterine horns and oviducts (Mattner, 1963; Mattner and Braden, 1963; Hancock and McGovern, 1968) . In this study, however, the stress associated with handling at the time of AI was probably minimal, because ewes in the confinement system are accustomed to being handled regularly from birth.
The incidence of embryonic mortality after the first 2 wk of pregnancy was estimated at 13% for ewes bred either once or twice by AI (table 2) , based on the difference between the number of ewes pregnant 18 d after A1 (elevated plasma progesterone levels) and the number of ewes lambing (Thimonier et al., 1977) . Embryo survival to d 12 is necessary to prolong luteal function, maintain elevated progesterone levels and delay a return to estrus (Moor and Rowson, 1966; Edey, 1967; Martal et al., 1979) . The pregnancy losses in table 2 are similar to those reported previously after progestogen-treated ewes were bred in confinement with two inseminations of fresh semen and lower than those obtained after ewes were bred with frozen semen (Langford et al., 1979 . However, the estimates do not account for loss of embryos of polyovular ewes retaining at least one surviving embryo or for embryonic death occurring within the first 2 wk of pregnancy (Dutt, 1954) , estimated by Hulet et al. (1956) to constitute about two-thirds of the total embryonic mortality occurring in ewes bred by natural service.
Cumulative fertility for the first and second figure 3 . For the three trials, overall fertility of ewes inseminated once or twice was 83 and 78%, 88 and 82% and 89 and 84%, respectively. In each trial, the similar high fertility achieved in both insemination groups indicated no significant difference in inherent fertility.
From these observations, there appears to be no benefit in giving two inseminations of fresh semen to progestogen-treated sheep. Provided that sufficient motile sperm are inseminated, single inseminations reduce fresh semen storage problems and permit twice the number of ewes to be inseminated/ejaculate. However, where fertility is depressed, for example, with frozen sperm or with lactating ewes, a double insemination may be still necessary. The low fertility that accompanies frozen semen has generally been attributed to a reduction in the time span that inseminated sperm retain their fertilizing capacity and also to impaired sperm transport resulting in failure to establish a sufficient reservoir of cervical sperm (Lightfoot and Salamon, 1970; Robinson, 1975) .
In addition to lower fertility in lactating ewes, the onset of estrus is less precise after FGA and PMSG treatment, creating a dispersion of ovulations and the necessity of two inseminations (Cognie et al., 1975 
